Background--Despite the recent acceptance of thrombectomy as the standard of care in patients with acute anterior circulation stroke, the benefits of thrombectomy remain uncertain for patients with acute basilar artery occlusion (BAO). This study aimed to evaluate the effectiveness and safety of thrombectomy and to identify predictors of outcomes in a large cohort of patients with acute BAO.
A cute stroke caused by basilar artery occlusion (BAO) has devastating effects on patients. The outcome and mortality associated with BAO are worse than those associated with anterior circulation stroke. [1] [2] [3] Despite the recent acceptance of thrombectomy as the standard of care in patients with acute anterior circulation stroke, 4 the effectiveness and safety of modern thrombectomy remains uncertain for patients with acute BAO. Although multiple case studies have described endovascular therapy for acute BAO, previous studies are limited by small sample sizes, heterogeneous patient populations, and the use of older generation devices and techniques. 3, [5] [6] [7] [8] [9] Moreover, several important issues remain to be elucidated, such as identifying predictors of functional outcome after modern thrombectomy or the selection of a first-line thrombectomy technique for patients with acute BAO. This multicenter, retrospective, observational study aimed to evaluate the effectiveness and safety of modern endovascular thrombectomy and to identify predictors of a better functional outcome after thrombectomy in a large cohort of patients with acute BAO-related stroke. In addition, we compared treatment outcomes between 2 firstline thrombectomy techniques: the stent-retriever versus the contact aspiration technique.
Materials and Methods

Patients
The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results or replicating the procedure. This retrospective, multicenter, observational study, termed ENTHUSE (Endovascular thrombectomy for acute basilar artery occlusion), was conducted at 3 high-volume stroke centers (≥100 thrombectomies performed annually) in South Korea. We included all consecutive patients with acute BAO who underwent a modern thrombectomy, between January 2011 and August 2017. Of these, patients with a premorbid modified Rankin scale (mRS) ≥2 were excluded from this study. Clinical and radiologic data were prospectively collected and stored in a database at each center. The following data were retrieved from the databases for retrospective review: age, sex, stroke risk factors, baseline National Institute of Health stroke scale (NIHSS) score, the use of intravenous thrombolysis, estimated time of stroke onset, 10 time from onset to procedure, procedure duration, time from onset to reperfusion, first-line thrombectomy technique (stentretriever or contact aspiration), underlying severe intracranial stenosis, steno-occlusive lesion in the origin of vertebral artery, stroke subtype, procedure-related complications, reperfusion status, and 90-day mRS. The retrospective data review study protocol was approved by the institutional review board at each center. Informed consent was waived because of the retrospective nature of this study. The data that support the findings are available from the corresponding author upon reasonable request. Before the thrombectomy, all patients underwent baseline imaging (computed tomography or magnetic resonance imaging) according to the acute stroke imaging protocol at each center. At all centers, patients were considered eligible for thrombectomy if the thrombectomy could be started within 12 hours of the estimated time of stroke onset and had an angiographically confirmed occlusion in the basilar artery. Patients were excluded from thrombectomy when pretreatment imaging showed extensive ischemic changes in the brain stem or the stroke was considered mild, based on an admission NIHSS score of 3 or less. There was no upper limitation on either the admission NIHSS score or age for selecting patients at all centers. According to guidelines, before thrombectomy, intravenous recombinant tissue plasminogen activator was administered to eligible patients who could be treated within 4.5 hours of symptom onset.
Endovascular Thrombectomy
All patients were treated with thrombectomy, performed with either the stent-retriever or the contact aspiration technique. The choice of technique was left to the discretion of the treating neurointerventionist. The details of these thrombectomy techniques were described previously. [11] [12] [13] When the selected firstline thrombectomy technique failed to achieve successful reperfusion, the neurointerventionist switched to the other technique. When an underlying, severe (≥70%) atherosclerotic stenosis was found in the basilar artery during the thrombectomy, a subsequent rescue procedure was performed. This rescue procedure involved either an intra-arterial infusion of an antiplatelet agent (tirofiban) or an intracranial angioplasty, with or without stenting. No patient underwent general anesthesia in this study.
Outcome Measures
The time to procedure was defined as the interval between the estimated time of stroke onset and the time of femoral artery puncture. The estimated time of stroke onset was defined as the time of onset of acute symptoms that led to clinical diagnosis of BAO or, when the onset time was not known, the last time the patient was observed in a normal state before the onset of these symptoms. 10 Procedure duration was defined as the interval between the time of femoral artery puncture and the time of final angiogram. Intracerebral hemorrhages were
Clinical Perspective
What Is New?
• Thrombectomy could provide a high rate of successful reperfusion (91.5%) and a high rate of favorable outcomes (44.8%) in patients with acute basilar artery occlusion in this multicenter retrospective observational study.
• Thrombectomy was safe for treating acute basilar artery occlusion, with low rates of mortality (13%), symptomatic hemorrhage (1.9%), and procedure-related complications (4.2%).
What Are the Clinical Implications?
• Thrombectomy might be considered the standard of care for eligible patients with acute basilar artery occlusion, despite the lack of a published randomized controlled trial to date. 
Statistical Analysis
Continuous variables were expressed as the median and interquartile range. Categorical variables were expressed as the count (n) and percentage (%). First, a relationship was determined between each clinical and procedural characteristic and the dichotomized 90-day outcome (mRS 0-2 versus 3-6). The v 2 test or Fisher exact test was used to compare categorical and binary variables. The independent sample t test was used to compare continuous variables. Second, we performed univariable and multivariable ordinal logistic regressions to estimate the common odds ratio (cOR) of each potential predictor for a shift in the direction of better outcomes on the 90-day mRS (shift analysis). The variables with P<0.05 in the univariate ordinal regression analysis were selected for the multivariable ordinal logistic regression model. Third, we evaluated differences in treatment outcomes (successful reperfusion, intracranial hemorrhages, 90-day mRS 0-2, and mortality) between patients treated with a stent-retriever thrombectomy and those treated with contact aspiration thrombectomy as the first-line strategy. Finally, we compared treatment outcomes between patients who received intraarterial tirofiban infusion and those who underwent intracranial angioplasty with or without stenting for treatment of underlying severe stenosis in the basilar artery. All statistical analyses were performed with SPSS software (version 23.0; IBM SPSS, Chicago, IL). A P<0.05 was considered significant.
Results
This study included 212 patients (56.6% male; median age 71; age range, 36-93 years) who received a thrombectomy because of acute BAO. The baseline characteristics of patients are presented in 
Treatment Outcomes and Results of Shift Analysis
Associations between the distribution of the 90-day mRS scores and treatment outcomes are presented in Table 2 . There was a shift toward better outcomes in favor of the successful reperfusion (cOR, 3.597; 95% confidence interval [CI], 1.496-8.645; P=0.004) (Figure) and complete reperfusion (cOR, 2.408; 95% CI, 1.458-3.978; P=0.001). The occurrence of hemorrhagic infarction (cOR, 0.468; 95% CI, 0.252-0.868; P=0.016) and parenchymal hematoma (cOR, 0.097; 95% CI, 0.025-0.377; P=0.001) was significantly associated with a shift of mRS scores toward poor outcomes. Table 3 shows the results of multivariable ordinal logistic regression analysis for predicting better outcomes. The variables included in the multivariable model were age, baseline NIHSS, hypertension, diabetes mellitus, procedure duration, reperfusion status (m-TICI 2b or 3), and occurrence of hemorrhagic infarction and parenchymal hematoma. Of the variables included, statistically significant predictors of better outcomes were younger age (adjusted cOR, 0.951; 95% CI, 0.929-0.974; P<0.001), lower baseline NIHSS (adjusted cOR, 0.904; 95% CI, 0.875-0.935; P<0.001), absence of diabetes mellitus (adjusted cOR, 0.428; 95% CI, 0.244-0.751; P=0.003), and absence of parenchymal hematoma (adjusted cOR, 0.074; 95% CI, 0.017-0.312; P<0.001).
Stent-Retriever Versus Contact Aspiration as the First-Line Thrombectomy Technique
The first-line technique was stent-retriever thrombectomy in 68.4% (145/212) of patients and contact aspiration thrombectomy in 31.6% (67/212) of patients. Patients treated with contact aspiration had a higher median admission NIHSS than patients treated with a stent-retriever (20 versus 16, P=0.002). The procedure time tended to be shorter with the stent-retriever (38 minutes versus 44 minutes, P=0.067) than with contact aspiration. There was no difference between groups in age, risk factors, use of intravenous thrombolysis, stroke cause, incidence of underlying severe stenosis, or the incidence of steno-occlusive lesions at the vertebral artery origin.
Treatment outcomes (Table 4) were similar between the 2 approaches. There were no differences in the rates of conversion to secondary thrombectomy, successful Table 5 . There were no differences between the 2 groups in the rates of successful reperfusion, good outcome, and hemorrhagic complications.
Discussion
To our knowledge, to date, this study was the largest to show that modern thrombectomy could provide a high rate of successful reperfusion (91.5%) and a high rate of favorable outcomes (44.8%) in patients with acute BAO. We found that modern thrombectomy was safe for treating acute BAO, with low rates of mortality (13%), symptomatic hemorrhage (1.9%), and procedure-related complications (4.2%). Moreover, we revealed several significant predictors of 90-day better outcome after thrombectomy in acute BAO. Finally, we found no difference in treatment outcomes with the stent-retriever thrombectomy compared with the contact aspiration thrombectomy, as the first-line approach. This study investigated real-world clinical experiences to evaluate the effectiveness of modern endovascular thrombectomy in a large cohort of patients with acute BAO. All 212 patients included were primarily treated with either stentretriever thrombectomy (68%) or contact aspiration Figure. Distribution of modified Rankin scale scores at 90 days, according to reperfusion status after thrombectomy, in patients with acute basilar artery occlusion. There was a significant difference between the successful reperfusion group and the unsuccessful reperfusion group in the overall distribution of scores in univariable ordinal regression (unadjusted common odds ratio, 3.597; 95% confidence interval, 1.496-8.645; P=0.004). mRS, modified Rankin scale. The high rate of successful reperfusion we observed might be partly because of the extensive experience of the interventionists at high-volume comprehensive stroke centers. The rate of 90-day mRS 0 to 2 we observed (45%) was comparable to the 46% reported in the HERMES analysis. This result was also consistent with the previous meta-analysis by Gory et al. They found a good clinical outcome (mRS 0-2 at 90 days) in 42% of patients. 5 Taken together, these findings suggested that modern thrombectomy might be considered the standard of care for eligible patients with acute BAO, despite the lack of a published randomized controlled trial to date. 5, 8 Our study also confirmed that endovascular thrombectomy was safe for treating acute BAO, as reported previously for anterior circulation stroke. The rate of symptomatic hemorrhage was only 1.9% in the present study, which was much lower than the 4.4% reported in the HERMES study 16 and the 4% reported in the meta-analysis by Gory et al. 5 We also found a low mortality (16%) compared with the pooled estimate rate of 30% in the previous meta-analysis. 5 However, our mortality rate was comparable to that reported in a study on anterior circulation stroke (15.3% in the HERMES study). 16 The low rates of symptomatic hemorrhage and mortality in our study might be partly because of the experience of the interventionists and the use of baseline imaging in patient selection. Upon pretreatment diffusion-weighted imaging, patients who displayed diffuse pontine ischemia were excluded from thrombectomy at all participating centers in the present study. The rate of procedure-related complications was 4.2% in our study, lower than the 10% reported in a meta-analysis study by Phan et al. 17 Although several studies have described predictors of clinical outcomes after endovascular therapy in patients with posterior circulation stroke, few studies have focused solely on modern thrombectomy in patients with acute BAO. The previously identified factors independently associated with a good outcome after endovascular therapy in posterior circulation stroke included a low baseline NIHSS, successful reperfusion, a history of smoking, a high DWI-Acute Stroke Program Early CT Score (ASPECTS), a shorter time to the start of procedure, a shorter time to reperfusion, better collateral status, and magnetic resonance imaging-based patient selection. 3, 7, 9, 18, 19 Recently, Gory et al reported that only the failure to achieve successful reperfusion was an independent predictor of mortality at 3 months, in patients with acute BAO who underwent thrombectomy. 20 However, the previous reports had several limitations, including the small numbers of patients included, inclusion of patients treated with oldergeneration devices and techniques, inclusion of patients with posterior cerebral artery occlusion, and dichotomized analysis of 90-day mRS score. In contrast to previous studies, we used the multivariable ordinal logistic regression model to analyze the distribution of the 90-day mRS outcomes according to potential predictors. It has been suggested that the use of ordinal approaches may be more appropriate than simple dichotomous approaches for analyzing the mRS data. 21, 22 We found that younger age, lower baseline NIHSS, absence of diabetes mellitus, and absence of parenchymal hematoma were significantly associated with a favorable shift in the overall distribution of 90-day mRS scores after endovascular thrombectomy in patients with acute BAO. Successful reperfusion was associated with better outcomes (unadjusted cOR=3.597, P=0.004) in a univariable ordinal regression, but was not a significant predictor in the multivariable analysis in our study. Our study showed that the stent retriever and contact aspiration as first-line thrombectomy resulted in similar outcomes, in terms of successful reperfusion, 90-day mRS 0 to 2, hemorrhagic complications, and mortality. This finding was inconsistent with some previous studies that described different treatment outcomes between these 2 thrombectomy techniques in patients with acute BAO.
7,23-25 Gory et al analyzed procedural details in 100 patients with BAO and reported that aspiration thrombectomy was superior to stentretriever thrombectomy as the first-line strategy. In that study, contact aspiration achieved a significantly higher rate of complete reperfusion (m-TICI 3) (54.3% versus 31.5%, P=0.021) and a shorter procedure time (45 minutes versus 56 minutes, P=0.050) than stent-retriever thrombectomy. 25 However, they found similar rates of successful reperfusion and good outcome between the 2 approaches. Similarly, 2 small case series reported that aspiration thrombectomy achieved a higher rate of complete recanalization and a shorter procedure time than stent-retriever thrombectomy in patients with acute BAO. 23, 24 In contrast, Mokin et al found no significant differences in the procedure time, the rate of successful reperfusion, or the rate of good outcomes between the stent-retriever and aspiration thrombectomy in a cohort of 100 patients with posterior circulation strokes. 7 Recently, the ASTER (Contact Aspiration versus Stent Retriever for Successful Revascularization) trial also demonstrated no significant differences between the 2 thrombectomy techniques in the rates of successful and complete reperfusion, embolization to a new vascular territory, and 90-day mRS 0 to 2, among patients with acute anterior circulation stroke. 26 Our results supported the findings of Mokin et al and the ASTER randomized clinical trial, which demonstrated no superiority between the stent-retriever and contact aspiration techniques for treating emergent large-vessel occlusion. Underlying severe stenosis in the target artery can make the thrombectomy procedure more complicated and require additional rescue treatments such as angioplasty with or without stenting and intra-arterial infusion of antiplatelet drug in patients with acute large vessel occlusions. 27 Our study suggests that such rescue treatments are effective and safe for treating underlying severe basilar artery stenosis in patients with acute BAO. Successful reperfusion occurred in 89% and almost half of patients with severe basilar artery stenosis had 90-day mRS 0 to 2 without symptomatic hemorrhage in our study. When comparing treatment outcomes between patients treated with angioplasty/stenting and those treated with intra-arterial tirofiban, there were no differences between the 2 groups. Further prospective studies are still warranted to determine the optimal treatment in patients with BAO caused by underlying severe stenosis. This study had some limitations. The study design was retrospective, based on a prospective database from 3 centers. Thus, patient selection criteria, the baseline imaging study protocol, and the preference for either thrombectomy technique were similar, but not identical, among centers. In addition, radiologic images were not evaluated independently at a core laboratory. Finally, better outcomes of our study compared with previous studies might be because of a selection bias, because patients with extensive pontine infarction on pretreatment diffusion-weighted imaging were excluded from thrombectomy in our study.
Conclusions
In conclusion, the results of this study suggested that modern thrombectomy was equally effective and safe for treating patients with acute BAO and patients with anterior circulation stroke. A younger age, a lower baseline NIHSS, and the absence of diabetes mellitus and parenchymal hematoma were significant predictors of better outcomes after thrombectomy in acute BAO. In addition, this study showed no superiority between the stent-retriever and contact aspiration thrombectomy for treating patients with acute BAO.
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